A class of relativistic covariant Schrodinger equations that satisfy relativistic Ehrenfest theorem is introduced, properties of the Lagrangian densities which these equations are obtained from them, are investigated. A theorem mentioned in reference [2] is generalized to its covariant relativistic version showing that any nonlinear covariant Schrodinger equation derived from a Lorentz invariant Lagrangian density which is independent of the phase of wave function and also is invariant under the Galilean transformation in 4+1-dimensional space-time, satisfies Ehrenfest theorem.
Introduction
One important problem that appeared from the beginning formulation of one particle relativistic wave equation was the failure of probabilistic interpretation of wave function. In this paper we follow the covariant form of schrodinger wave equation in a 4 + 1-space time where we look at time and spatial coordinates on the same footing [1] , So we need a new parameter of evolution which can be the proper time τ and release the time t, as a dynamical variable, this revives the probabilistic interpretation of wave function. So we generalize the born interpretation and define a probability density ρ such that the time variable is taken as coordinate and ρ is a function of a Lorentz invariant parameter τ , we impose the normalization condition of the wave function and set
where D is a four dimensional volume. The probability for finding the particle in a four dimensional differential volume element
Here we consider a scalar particle with spin zero, and ρ = ψ * ψ, where ψ is the wave function and satisfies the relativistic schrodinger equation [1] ,
where U is a Lorentz scaler which plays the rule of an external potential and m is the mass of the particle. This equation is Lorentz invariant and ψ is a Lorentz scaler. By definition of the current density four vector as
we find the equation of probability conservation
In reference [2] ,there are a theorem which says that if one can find a Lagrangian density like
which is independent of the phase of the wave function S and is invariant under the Galilean transformations [3] r ′ = r − vt
then the nonlinear equation derived from £ satisfies the Ehrenfest theorem [4] . In this paper after explaining relativistic Ehrenfest theorem in section 2 we show that invariance under Galilean transformations in a 4 + 1-dimensional space time, guarantees the relativistic version of the Ehrenfest theorem.
Relativistic Ehrenfest theorem
One can easily show that the relativistic schrodinger equation (2)satisfies a relativistic version of the Ehrenfest theorem
The Lagrangian density that gives the equation (2)is
where we used ψ = Re iS . This Lagrangian density has some properties: 1-it is invariant under Lorentz transformations [5] , which guarantees the Lorentz invariance of equation (2). 2-it is independent of S , so from the transformation S → S + ϕ(x ν , τ ) and using Noether's theorem [6] we obtain the following conservation law
3-it is invariant under the transformation
which we call them the Galilean transformations in 4 + 1-dimensional space time.
One can show that the nonlinear relativistic Schrodinger equation
satisfies the relativistic Ehrenfest theorem (7), by regarding the relation
The corresponding Lagrangian density for this equation is
which have the three properties mentioned before.
Relativistic Ehrenfest theorem as a consequence of the Galilean invariance in (4+1)-dimension
Consider the following Lagrangian density
and let it be a Lorentz scaler, this Lagrangian is invariant under the transformations x µ ′ = x µ + a µ , τ ′ = τ + b, which accordingly using the Noether's theorem we find
where µ = 0, 1, 2, 3. The Lagrangian density (14) is also independent of S and therefore we have the conservation law
Variation of the Lagrangian density (14) under infinitesimal transformation (10)is
Now if £ is invariant under the transformation (10) then δ£ = 0 and we deduce
If one adds a Lorentz scaler potential term £ U = −U (x ν )|ψ| 2 to the Lagragian (14), then it is no longer invariant under the translations x µ ′ = x µ + a µ , τ ′ = τ + b but the action I = £d 4 x is still invariant and from Noether's theorem we obtain ∂p µ ∂τ
where p µ and T µ ν is defined in (15). Integrating the above equation and using the Gauss's theorem, we find
